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TISSUE PUNCH 278, involves forming an opening in the target vessel and 

inserting the anastomosis device with a graft vessel attached 

This application is a continuation-in-part of application into the opening. Accordingly, it would be desirable to 

Ser. No. 09/440,263 filed Nov. 15, 1999 now U.S. Pat. No. provide a one piece tool which can perform both tissue 

6,371,964, which is a continuation-in-part of application Ser. 5 punching and anastomosis device deployment. In order to 

No. 09/314,278 filed May 18, 1999 now U.S. Pat. No. providc a onc piecc dcvicc it would bc desirable to provide 

6,428,550, both of which are incorporated herein by refer- a tissue puncn is advanced through a trocar and then 

ence in their entirety. ^ moved out of thc trocar to dlow dep i oymcnt 0 f the 

BACKGROUND OF THE INVENTION anastomosis device through the same trocar. 

1. Field of the Invention 10 SUMMARY OF THE INVENTION 
The invention relates to a tissue punch, and more . 

particularly, the invention relates to a tissue punch for The present invention relates to a tissue punch for forming 
forming an opening in a target blood vessel for deploying an an opening in a target blood vessel for deploying an anas- 
anastomosis device to connect a graft vessel to the target tomosis device t0 connect a 8 rafl vessel t0 the lar & el vesse1 ' 
blood vessel. 15 In accordance with one aspect of the present invention, an 

2. Brief Description of the Related Art apparatus for piercing a vessel, punching a hole in the vessel, 
Vascular anastomosis is a procedure by which two blood amoving punched tissue from the vessel and introducing an 

vessels within a patient are surgically joined together. Vas- ^ cct int0 thc v «f* ^ c punched hole is -described 

cular anastomosis is performed during treatment of a variety „ ™ e apparatus includes a punch with a pointed piercing end 

of conditions including coronary artery disease, diseases of 20 f° r P iercin S a to allow introduction of the punch into 

the great and peripheral vessels, organ transplantation, and ™b a ^bular element arranged coaxially with the 

trauma. In coronary artery disease (CAD) an occlusion or P UDch wh * ch P un ' h retrac * to rem °^ ™* 1 

stenosis in a coronary artery interferes with blood flow to the ™ d anintroducer located coaxially around the tubu- 

heart muscle. Treatment of CAD involves the grafting of a lar el ' me f mt [ oduc ^ r mcl l udes m *™ mt0 ^ ch A iht 

vessel in the form of a prosthesis or harvested artery or vein 25 P^h and tubular element can be moved to allow mtroduc- 

to reroute blood flow around the occlusion and restore Uon of *J ob J ect ™ i0 te P UQched hole m the vessel 

adequate blood flow to the heart muscle. This treatment is the mtroducer. 

known as coronary artery bypass grafting (CABG). In accordance with another aspect of the present 

In the conventional CABG, a large incision is made in the 30 invention a tissue punch includes a piercing element, a 

chest and the sternum is sawed in half to allow access to the ™ tUn g ed ? e > and a tro ^ ar receiving the piercing element, 

heart. In addition, a heart lung machine is used to circulate piercing element has a pointed distal end, a tissue 

the patients blood so that the heart can be stopped and the rcccivin g s P acc > and an anvi1 ad J aceat thc tis u sue «?*ving 

anastomosis can be performed. During this procedure, the s P ace - ™ e cuttingedge is arranged to contact the anvil to cut 

aorta is clamped which can lead to trauma of the aortic tissue 35 a P iecc of tlssuc - ™ e *>car h ™ a side opening for removing 

and/or dislodge plaque emboli, both of which increase the the P iercin S element from the trocar after Punching Ussue, 

likelihood of neurological complications. In order to mini- In accordance with an additional aspect of the present 

mize the trauma to the patient induced by conventional invention, a method of punching a plug of tissue from the 

CABG, less invasive techniques have been developed in wall of a blood vessel includes the steps of penetrating the 

which the surgery is performed through small incisions in 40 wall of the blood vessel with a piercing element to form an 

the patients chest with the aid of visualizing scopes. Less opening in the blood vessel, punching a plug of tissue 

invasive CABG can be performed on a beating or stopped around the opening in the blood vessel, and inserting a trocar 

heart and thus may avoid the need for cardiopulmonary into the punched hole in the blood vessel, 

bypass. In accordance with a further aspect of the invention, a 

In both conventional and less invasive CABG procedures, 45 double tissue punch includes a piercing element having a 

the surgeon has to suture one end of the graft vessel to the pointed distal end and a first anvil surface; a first cutting 

coronary artery and the other end of the graft vessel to a element movable with respect to the piercing element, the 

blood supplying vein or artery. The suturing process is a time first cutting element having a cutting edge arranged to 

consuming and difficult procedure requiring a high level of contact the first anvil surface; and the first cutting element 

surgical skill. In order to perform the suturing of the graft to 50 having a second anvil surface, a second cutting element 

the coronary artery and the blood supplying artery the movable with respect to the piercing element and the first 

surgeon must have relatively unobstructed access to the cutting element, the second cutting element having a cutting 

anastomosis site within the patient. In the less invasive edge arranged to contact the second anvil surface, 

surgical approaches, some of the major coronary arteries The present invention provides advantages of a tissue 

including the ascending aorta cannot be easily reached by 55 punch which is deployed through a trocar and is removed 

the surgeon because of their location. This makes suturing through a side wall of the trocar so that the trocar can 

either difficult or impossible for some coronary artery sites. subsequently be used for deployment of a medical device. 

In addition, some target vessels, such as heavily calcified The invention also provides the advantage of trapping a 

coronary vessels, vessels having very small diameter, and tissue plug which is cut by the tissue punch, 

previously bypassed vessels may make the suturing process 60 nncroTDTrnM m? -rue no awimpq 

difficult or impossible. BRIEF DESCRIPTION OF THE DRAWINGS 

Accordingly, it would be desirable to provide a sutureless The invention will now be described in greater detail with 

vascular anastomosis device which easily connects a graft reference to the preferred embodiments illustrated in the 

vessel to a target vessel and can be deployed in limited accompanying drawings, in which like elements bear like 

space. 65 reference numerals, and wherein: 

Deployment of a sutureless anastomosis device, such as FIG. 1 is a perspective view of a tissue punch according 

those described in U.S. patent application Ser. No. 09/314, to the present invention in a tissue penetrating position; 
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FIG. 2 is a perspective view of the tissue punch of FIG. receiving an anastomosis device to connect a graft vessel to 

1 with the piercing element withdrawn inside the trocar; the target vessel. The tissue punch includes a piercing 

FIG. 3 is a perspective view of the tissue punch of FIG. element for penetrating the target vessel wall, a cutter for 

1 as the piercing element is pivoted out of the trocar; cutting a plug of tissue, and a trocar which is inserted in the 

FIG. 4 is a perspective view of the tissue punch of FIG. 5 °P en ^B in wa ? ^er punching has been completed^ After 

1 with the piercing element pivoted further; punching is complete, the piercing element is removed from 

m „ m . . „, . m„ the trocar and the anastomosis device is then deployed 

FIG. 5 is a perspective view of the tissue punch of FIG. tfa h ^ lumen of ^ trocaf 

1 with the piercing element completely removed from the . , , .... 

trocar- r r The tissue punch according to the present invention is 

_ * , . , . , . r , 10 particularly useful for use in coronary artery bypass grafting 

FIG. 6 is an exploded perspective view of a tissue punch (CAfiG) in which a ^ vessd fa at opposite 

having a cam release system; ends to the aorta and tQ ft artery . However, the 

FIG. 7 is a perspective view of the tissue punch of FIG. target vessel which is punched with the tissue punch can be 

6 in an assembled, tissue penetrating position; any vessel including but not limited to the aorta, coronary 

FIG. 8 is a partially cut away perspective view of the 1 5 artery, and arteries leading to the arms or head. The graft 

tissue punch of FIG. 6 in a tissue cutting position; vessel for connection to the target vessel can be an arterial 

FIG. 9 is a perspective view of the tissue punch of FIG. g raft > a venous graft, or a synthetic prosthesis, as required. 

6 after tissue punching is completed; The anastomosis procedure is preferably performed with 

FIG. 10 is a partially cut away view of FIG. 9; 9n ™ mi ™ llv invai f e P™"*™* without the stoppage of 

_ . , , 20 blood flow in the target vessel, and without the use of 

FIG. 11 is a perspective view of the tissue punch of FIG. cardiopu i raonary bypass . However, the anastomosis proce- 

6 with the piercing element and tissue trap partially removed dufe may alsQ bc pcrformcd ^ a stoppcd heart and/or opcn 

from the trocar; chest procedure> 

FIG. 12 is a perspective view of the tissue punch of FIG. PreferaM v the tissue punches according to the present 

6 with the piercing element and tissue trap completely 25 mvention arc incorporated in a one piece tool which per- 

removed from the trocar; forms tSgm punching and deployment of the anastomosis 

FIG. 13 is an exploded perspective view of a tissue punch device. This one piece tool may be operated manually, such 

having a bendable tab release system; as by cams, or automatically, such as pneumatically. 

FIG. 14 is a perspective view of the tissue punch of FIG. FIG. 1 is a perspective view of a tissue punch 10 accord- 

13 in an assembled tissue penetrating position; ing to the invention which includes a one-piece piercing 

FIG. 15 is a partially cut away view of FIG, 14; element 14 positioned within an introducer sheath or trocar 

FIG. 16 is a partially cut away perspective view of the 16 T"» piercing element 14 can be advanced and retracted 

tissue punch of FIG. 13 after tissue cutting is completed; m the trocar 16 b Y an elongated member 18 such as a spring 

. u . e t . steel strap or cable which extends through an opening 20 in 

FIG. 17 is a partially cut away perspective view of the 35 % . ^ . . & . 1 tj . ? , 

, f ^ IP 11 ..L *l ■ • 1 j . • a side of the trocar. The piercing element 14 includes a 

tissue punch of FIG. 13 with the piercing element and tissue -.^-.i.. <v> p \ tU . . 1 11 -a 

*\. „ , c 4 . * pointed distal tip 22 for penetrating the target vessel wall and 

trap partially removed from the trocar; r , - / \, Q * , . , 6 ., r F iU 

r r •> a narrow shaft portion 28 around which the tissue or the 

FIG. 18 is a partially cut away perspective view of the target vessel wall contracts after piercing. The distal tip 12 

tissue punch of FIG. 13 with the piercing element and tissue may be fonnc4 for example> as a ^^1 surface or by a 

trap completely removed from the trocar; 40 pllirality of gr0 und surfaces extending to a point at the distal 

FIG. 19 is an exploded perspective view of a tissue punch tip. An anvil surface 24 is located on the piercing element 14 

having a snap release system; between the distal tip 22 and the shaft 28. The anvil surface 

FIG. 20 is a perspective view of the tissue punch of FIG. 24 acts with a cutting edge 26 of the trocar 16 to cut an 

19 in an assembled tissue penetrating position; 45 annular plug of tissue. 

FIG. 21 is a partially cut away view of FIG. 20; In operation, the piercing element 14 is forcibly advanced 

FIG. 21 A is an isolated perspective view of the piercing to puncture the target vessel wall. After piercing, the tissue 

element and tissue trap of FIG. 21; of the lar S et vessel wal1 rests around ^ shaft P orUon 28 of 

r-r^ .^1. c xi_ the piercing element 14. The piercing element 14 is then 

FIG. 22 is a partially cut away perspective view of the , . 4 , , -A , . , . i0 

. f g T ^ 10 u- 1 « a pulled back inside the trocar 16 by the elongated member 18 

tissue punch of FIG. 19 after tissue punching is completed; * u f t , r .. J . jv- tU ^ 

v v & v to cut an annular plug of tissue by compressing the tissue 

FIG. 23 is a partially cut away perspective view of the between the anvil surface 24 of the piercing element and the 

tissue punch of FIG. 19 with the piercing element and tissue cutting edge 26 of the trocar 16. The cut plug of tissue can 

trap partially removed from the trocar; 5e trapped in an anmilar spacc nxnvsix\$M% the shaft 28 and 

FIG. 23 A is an isolated perspective view of the piercing 5S removed from the surgical site on the piercing element 14. 

element and tissue trap of FIG. 23; g y ^fag the tissue punch 10 to cut a plug of the target 

FIG. 24 is a perspective view of the tissue punch of FIG. vessel wall tissue in this manner, there is less tendency for 

19 with the piercing element and tissue trap completely tearing. In particular, the punched opening in the vessel wall 

removed from the trocar; and is less apt to tear than an incision or puncture. A puncture 

FIGS. 25-30 are schematic side views of a double tissue 60 opening is particularly apt to tear when an anastomosis 

punch showing a series of steps in a punching sequence with device is inserted into the opening or when the opening is 

the double tissue punch. expanded by expansion of the anastomosis device. 

ncTAiicn nccrDTDTinMncTuc FIGS ' 1-5 iUustrate me ste P s of Punching and then 

D ™tr nc^cSm Al? tT rrlr removing the piercing element 14 from the side opening of 

PRFEFRRED EMBODIMENTS 6f . ^ tf0car u {Q a]low (he arjastomosis device to be deployed 

The tissue punch according to the present invention is through the lumen of the trocar. In FIG. 1, the piercing 

used to create a hole in a wall of a target blood vessel for element 14 is in an extended piercing position. In this 
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position, the tissue punch is advanced into the target vessel 
wall. The tissue punch 10 is preferably advanced by spring 
actuated motion provided by a tool on which the tissue 
punch is mounted. Alternatively, the tissue punch may be 
advance manually. 

As shown in FIG. 2, the piercing element 14 is withdrawn 
into the trocar 16 by pulling on the elongated member 18 
(shown in FIG. 1). Once the distal tip 22 of the piercing 
element 14 clears the distal end of the opening 20, the 


strap element 76 and the tissue trap is caused to rotate. When 
the tissue trap 58 rotates the side pins 66 rotate in the cam 
slot 72 unlocking the tissue trap and piercing element 54 
from the trocar 56. As the tissue trap 56 is further withdrawn, 
as shown in FIG. 11, the tissue trap slides back into the 
opening 78 in the trocar 56. Finally, as shown in FIG. 12, the 
spring bias of the elongated spring member 76 causes the 
tissue trap 58 and piercing element 54 to be moved out of the 
trocar 56 to allow the lumen of the trocar to be used for 


piercing element is pivoted as it is retracted out of the 10 deployment of a medical device, such as an anastomosis 

opening 20 in the side of the trocar 16 as shown in FIGS. device. 

3-5. The collar 60 of the tissue punch 50 is used as a spacer to 

As shown in FIG. 1, the piercing element 14 includes two hold the tissue trap 56 at a center of the trocar lumen. It 

side pins 30 connected to the elongated member 18. The should be understood that the collar 60 may be formed as a 

piercing element 14 is retracted by pulling on the elongated 15 part of the tissue trap 58 or as a separate element. 


20 


25 


30 


member 18 or other arrangement to accomplish punching of 
the tissue in the manner described above. During such 
retraction, a pin 34 on the underside of the piercing element 
14 travels in a slot 36 in the trocar 16 until it reaches a stop 
38 at the proximal end of the slot. When the pin 34 hits the 
stop 38, the piercing element 14 is caused to pivot about the 
stop as shown in FIG. 3. 

Further retraction of the piercing element 14, as shown in 
FIG. 4, causes an inclined proximal surface 40 of the 
piercing element to contact an edge 42 of the trocar opening 
20 such that the piercing element rotates out of the opening 
20. As shown in FIG. 5, the piercing element continues to 
rotate to a storage position outside the trocar 16. When the 
piercing element is in the storage position, the inside of the 
trocar 16 can be used to maintain the opening in the blood 
vessel and for delivery of an anastomosis device to the 
incision in the target vessel. 

FIGS. 6-24 illustrate alternative embodiments of tissue 
punches including tissue traps for trapping and retaining the 35 
plug of tissue which is cut by the tissue punch. The trapping 
of tissue plug prevents possible complications which could 
occur if the plug of tissue is released in the surgical site. 

FIG. 6 illustrates a tissue punch 50 which includes a 
piercing element 54, a trocar 56, a tissue trap 58, and a collar 40 
60. The tissue punch 50 is assembled as illustrated in FIG. 
7 with the piercing element 54 positioned within the tubular 
tissue trap 58 with a pin 62 of the piercing element extending 
out through a slot 64 of the tissue trap. The tissue trap 58 
includes two side pins 66 which extend through correspond- 
ing openings 68 in the collar 60. The side pins 66 also extend 
into cam slots 72 in the trocar 56. The piercing element 14 
also includes a slot 74 at a proximal end which receives an 
elongated member 76 shown in FIG. 7. The elongated 


45 


FIGS. 13-18 illustrate an alternative embodiment of a 
tissue punch 80 having a bendable tab release system. As 
shown in the exploded view of FIG. 13, the tissue punch 80 
includes a piercing element 84, a trocar 86, and a tissue trap 
88. As in the embodiment of FIGS. 6-12, the piercing 
element 84 includes a proximal slot 90 for receiving an 
elongated member 92 which acts as a pull wire and spring. 
The tissue trap 88 includes a plurality of tabs 94 which are 
cut and folded out from the tube of the tissue trap. The trocar 
86 includes a plurality of openings 96 for receiving the 
plurality of tabs 94. The plurality of openings 96 are also 
provided with slots 102 which extend to a distal end of the 
trocar 56. 

As shown in FIG. 14, the tissue punch 80, in an assembled 
configuration prior to punching, axially has the tabs 94 
positioned within the openings 96 to lock the tissue trap 88 
in position axially with respect to the trocar 86. The tissue 
trap 88 is locked in place to allow cutting of the tissue with 
the cutting edge 98 of the tissue trap. 

The steps of operating the tissue punch 80 according to 
FIGS. 13-18 are illustrated in the sequence of steps shown 
in FIGS. 14-18. In FIGS. 14 and 15 the tissue punch is 
shown assembled for punching. The tissue punch is 
advanced into the tissue of a target vessel wall automatically 
or manually. Once the target vessel wall has been penetrated, 
the piercing element 84 is withdrawn by pulling on the 
elongated member 92 to cut a plug of tissue with the cutting 
edge 98. FIG. 16 illustrates the position of the piercing 
element 84 after punching is complete. 

As shown in FIG. 17, the piercing element 84 continues 
to be withdrawn until it abuts a stop member 100 inside the 
tissue trap 88. Continued withdrawal of the piercing element 
84 pulls both the piercing element and the tissue trap 88 


member 76 is preferably a spring steel strap which is used 50 proximally and causes the tabs 94 to fold over allowing the 


as a pull wire to pull the piercing element 54 into the tissue 
trap 58 and as a spring to move the piercing element and 
tissue trap out of the opening 78 in the side wall of the trocar 
56. 

The punching procedure using the tissue punch 50 of 55 
FIGS. 6-12 will be described with respect to the sequence 
of steps shown in FIGS. 7-12. In the assembled position 
illustrated in FIG. 7, the piercing element 54 pierces the 
tissue of the blood vessel wall by automatic or manual 
advancement of the tissue punch. As shown in FIG. 8, after 60 
piercing the piercing element 54 is withdrawn inside the 
tissue trap 58 by pulling on the elongated member 76 to cut 
a plug of tissue with a cutting edge 70 of the tissue trap 58. 
As shown in FIGS. 9 and 10, as the piercing element 54 


tissue trap to be released from the trocar 86. As shown in 
FIG. 18, when the tissue trap 88 is released from the trocar 
86, the spring force of the elongated member 92 moves the 
tissue trap and piercing element 84 out of the trocar. 

" FIGS. 19-24 illustrate a further embodiment of a tissue 
punch 110 having a snap release system. The tissue punch 
110 includes a piercing element 114, a trocar 116, a tissue 
trap 118, and a collar 120. The collar 120 includes two legs 
122 having tabs 124 at the ends. The collar 120 is fixed to 
the tissue trap 118. The tissue trap 118 has a cutting edge 126 
and two slots 128 for accommodating the legs 122 and tabs 
124 of the collar 120. The piercing element 114 has a tapered 
distal tip 130, a narrow shaft portion 132, and a larger shaft 
portion 134. In the assembled tissue penetrating position 


is withdrawn, the pin 62 slides along the slot 64. When the 65 shown in FIGS. 20, 21, and 21 A the tabs 124 are positioned 
pin 62 contacts the curved proximal end of the slot 64 the adjacent the larger portion 134 of the shaft. The tabs 124 
piercing element is prevented from rotating by the spring extend outward through openings 136 in the trocar 116 and 
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lock the collar 120 and tissue trap 18 in position with respect 
to the trocar 166. 

After punching, the piercing element 114, tissue trap 118, 
and collar 120 are removed as follows. As the piercing 
element 114 is withdrawn by the elongated member 138 as 5 
shown in 22, 23, and 23 A, the tabs 124 of the collar 120 are 
positioned adjacent the narrow portion of the shaft 132. This 
allows the tabs 124 to flex inward releasing the tabs from the 
openings 136 in the trocar 116. Once the collar 120 is 
released from the trocar 116, the piercing element 114, the 10 
tissue trap 118 and the collar 120 move out of the trocar 116 
by the spring action of the elongated member 138 and allow 
the trocar to be used for insertion of a medical device. 

FIGS. 25-30 illustrate a sequence of tissue punching with 
a double punch system for forming an opening in the wall of 15 
a blood vessel. The double punch system 150 is used to 
make openings larger than those made by a single punch 
embodiment. For openings larger than about 3 mm a double 
punch is preferred since a piercing element with a largest 
diameter of greater than about 3 mm tends to cause exces- 20 
sive trauma to the tissue. 

As shown in FIG, 25, the double punch system 150 
includes a piercing element 154 having a first anvil 156, a 
spreading element 158 having a second anvil 160 and a first 25 
cutter 162, and a sleeve 164 having a second cutter 166. As 
shown in the sequence of FIGS. 26-30, the piercing element 
154 is first inserted through the tissue 170 of a blood vessel 
wall until the tissue rests around a shaft 172 of the piercing 
element. The spreading element 158 is then moved down- 3Q 
wards as shown in FIG. 27 to cut a first plug of tissue 174 
with the first cutter 162. The first plug 174 is contained 
within an interior of the spreading element 158 which forms 
a tissue trap. 

As shown in FIG. 28 the spreading element 158 is then 35 
advanced through the tissue 170 until the tissue rests around 
a shaft 178 of the spreading element. The sleeve 164 is then 
advanced, as shown in FIG. 29, to cut a second plug of tissue 
180 with the second cutter 166. The second plug of tissue 
180 is contained within the sleeve 164 which forms a tissue 40 
trap. 

FIG. 30 illustrates the withdrawal of the double punch 
system 150 containing the two annular plugs 174, 180 of 
tissue and leaving a tissue opening 184. 
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It should be understood that the double punch system is 
illustrated as a system for forming holes which are larger 
than an approximately 3 mm hole which can be easily 
formed with a single punch system. The double punch 
system can form holes of up to about 8 mm in diameter 
without causing tissue trauma. In order to make holes of 
larger diameters additional spreading elements and cutting 
elements can be used to form a triple punch system or other 
multiple punch system. 

While the invention has been described in detail with 
reference to the preferred embodiments thereof, it will be 
apparent to one skilled in the art that various changes and 
modifications can be made and equivalents employed, with- 
out departing from the present invention. 
What is claimed is: 

1. A method for removing a plug of tissue from the wall 
of a vessel, the method comprising: 

piercing the wall of the vessel with a piercing element to 

allow introduction of a tubular element; 
retracting the piercing clement into the tubular element 
which is substantially coaxially located within an intro- 
ducer to remove a plug of tissue from the vessel wall; 
and 

moving the piercing element and the tubular element to 
allow introduction of an object into the vessel through 
the introducer. 

2. The method of claim 1, wherein the step of moving 
involves removing the piercing element and the tubular 
element through a side wall of the introducer. 

3. The method of claim 1, further comprising a step of 
retracting the piercing element and the tubular element into 
a second tubular element to remove a second plug of tissue 
from the vessel wall. 

4. The method of claim 1, wherein said moving comprises 
moving the piercing element and the tubular element in a 
direction away from an axis of the introducer. 

5. The method of claim 1, wherein the object is an 
anastomosis device. 

***** 
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